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Abstract 
Laboratory works are used most of the times just as an illustration to the theoretical issues given at the lectures. They become 
inherently “small”, addressing just a limited part of the “big picture”. Since real-world phenomena and devices cannot be 
delegated to a specific conventional discipline, even to an interdisciplinary one, we propose the design of laboratory works that 
can provide to the students the opportunity to learn to work cooperatively in groups related to certain subjects. They will try to 
achieve synergistically the project goals, becoming better prepared for the scientific or technical future careers. 
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1. Modern Trends in Technical Education 
We are living in a world that is continuously and rapidly changing, where the knowledge life-span is shorter than 
anytime and were competitiveness is a primal asset. The students training in technical domains towards success in 
such a highly ambitious environment leads to the changing of the classical methods in education. They cannot 
memorize any longer a domain of knowledge, because the information in all the important fields is increasing in an 
exponential manner.  
The Internet helps the learners to obtain any meaningful information in the shortest time and there is no 
immediate need of textbooks or lecture notices. The students are preparing for lifelong learning and they gather the 
skills that will allow them to do this. They are not preparing for a sole profession, but get prepared to adapt in a field 
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that will probably change in the future. In the report published by the U.S. Bureau of Labor Statistics (2012) it is 
shown the average number of jobs an employee had over time. It is found that an USA worker born in the years 1957 
to 1964 had an average of 11.3 jobs from ages 18 to 46. It is a large number of jobs and many of them do not belong 
to the same field. This is manifesting fragrantly in engineering where new materials and technologies appear each 
day. Even if an engineer will not change his line of work during the career, the effort to face the news he will have to 
adapt will be an equivalent one. Today’s students are likely to have several careers in their lifetime. Strong critical 
thinking and interpersonal communication skills will be essential for their success in a rapidly changing, 
interconnected, and complex world. 
Students in general and students in engineering more than the others, have to learn how to learn. Their education 
should concentrate on the 4Cs – creativity, critical thinking, communication and collaboration. They must learn to 
acquire knowledge while coming in contact with large amounts of information across a variety of subjects coming 
from a variety of sources. They must learn to acquire knowledge while producing and while assessing the results of 
their conception. 
Learning and teaching methods at universities are under a constant review process as long as students' goals and 
profiles are continuously changing. In the recent years, several pragmatic teaching approaches have been proposed 
aimed at enhancing the global learning process (i.e., learning by doing). Apparently, these novel learning techniques 
are against the classic master-class teaching model since they foster students participation and interaction during the 
class. These methods are no more teacher-centered, but learner-centered, allowing the students to create, to 
participate and to be heard (Schreurs & Dumbraveanu, 2014). Loosely governed and highly self-directed teaching 
and learning activity will occur both within and beyond the control of formal institutions resulting in knowledge 
becoming fully accessible to anyone interested.  
Universities face a difficult challenge keeping pace with the rapid changes in science and technology. They must 
overcome this trial, using modern learning methods and modern tools. Interdisciplinary learning and project-based 
learning are two methods that are perfectly fit for instruction in engineering. Educators must leverage technology to 
create engaging and personalized learning environments that meet the educational needs of today’s generation. We 
must develop skills in core concepts, facilitate communication and collaboration, and encourage adaptability, non-
routine problem solving, self-management and systems-thinking.  
1.1. Interdisciplinary learning 
Interdisciplinary studies use knowledge that come from within and across different curriculum areas. They offer 
different perspectives on a particular problem, making the curriculum more compact and more consistent. 
The advantages of interdisciplinary studies are widely accepted and institutionalized. In the directives of the 
Scottish Government (2008) it is stated that interdisciplinary studies, based upon groupings of experiences and 
outcomes from within and across curriculum areas, can provide relevant, challenging and enjoyable learning 
experiences and stimulating contexts to meet the varied needs of children and young people.  
Zeidmane and Cernajeva, in their study about the interdisciplinary approach in engineering education (2011), 
state that the problem of actual research is to study general competences of a young specialist necessary for the 
sustainable carrier as well as to examine the disciplines to be integrated in the engineering education to develop the 
competences implementing interdisciplinary approach. The curriculum should include for this reason learning 
beyond subject boundaries, allowing the students to establish relationships between different areas of learning. 
When revisiting a concept or skill from different perspectives, the level of understanding is increased and the 
curriculum becomes more coherent and meaningful to the student. 
Interdisciplinary learning can be given to the students as extended lectures, but this will make it another 
“discipline”, most likely a “tough one” and finally it will ward of the students. From our experience, 
interdisciplinary training is better organized as laboratory works, carefully planned to specific targets. They should 
be based partially on prior experiences and the outcomes should be drawn from different curriculum areas or 
subjects within them, providing opportunities for mixed-stage learning which is interest-based. 
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1.2. Experimental learning 
The educational theorist David A. Kolb presented the theory of experience being the source of learning and 
development (1984). The theory presents a cyclical model of learning, consisting of four stages shown in Fig. 1. 
In the first stage, concrete experience, the learner actively goes through experiences like lab sessions or field 
work. In the second stage, reflective observation, the learner reviews and consciously reflects on the experience. The 
third stage, abstract conceptualization, is where the learner attempts to conceptualize a theory or model of what he 
observed. In the fourth stage, active experimentation, the learner is trying to plan how to test a model or theory.  
 
Fig. 1 Kolb’s Experimental learning 
Kolb identified four learning styles, corresponding to the conditions under which the learners perform better. The 
named styles are (1984): 
x Assimilator, which learn better when considering logical theories  
x Converger, which learn better when working to the practical application of concepts and theories  
x Accommodator, which learn better when is working on its own experimentation  
x Diverger, which learn better when working with large quantities of data 
The converger and the accommodator styles are best fitted to the engineer typology. They imply practical 
application of theories, imagination, intuition and the capacity of doing things. These styles have to be honed in 
laboratories, through practical experiments. The academic staff should take the role of a mentor and not of a 
professor, working individually with the students and let them manifest themselves to their best, connecting their 
theoretical knowledge with the practical ones. 
1.3. Project-based learning 
An immediate application of experimental learning in engineering is Project Based Learning (PBL), where the 
experiments are assembled in a project form. PBL is an effective and enjoyable way to learn and develop deeper 
learning competencies required for success in college, career and civic life. 
Today’s students, more than ever, often find school to be boring and meaningless. In PBL, students are active, 
not passive; a project engages their hearts and minds, and provides real-world relevance for learning. After 
completing a project, students remember what they learn and retain it longer than is often the case with traditional 
instruction. They also learn how to take responsibility and build confidence, solve problems, work collaboratively, 
communicate ideas, and be creative innovators Because of this, students who gain content knowledge with PBL are 
better able to apply what they know and can do to new situations. 
Modern technology – which students use so much in their lives – is a perfect fit with PBL. With technology, 
teachers and students can connect with experts, partners, and audiences around the world, and use tech tools to find 
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resources and information, create products, and collaborate more effectively. PBL allows teachers to work more 
closely with active, engaged students doing high-quality, meaningful work, and in many cases to rediscover the joy 
of learning alongside their students. PBL have clear outcomes and even if they encourage the creativity of the 
student, they guide him to the appropriate solution.  
The PBL methodology is used and appraised all over the world. Taajama and others describe a successful story 
from Turku, Finland (2014) and an interdisciplinary project for engineering in Russia is exposed in (Rebrin, Sholina 
& Berestova, 2014). Krebs, Schmidt, Matthiesen and Hohmann illustrate PBL through competitive workshops at 
Karlsruhe Institute of Technology (2014). Lee, Blackwell, Drake and Moran (2014) show the importance of PBL as 
a method to redefine teaching and learning in higher education. 
2. Interdisciplinary Project-Based Learning in Engineering 
Duderstadt emphasized in (2008) the disconnect between engineering education, largely conducted much as it has 
been for decades; engineering knowledge, increasingly driven by the complexity of fields such as biology and 
systems science rather than the reductionism of chemistry and physics; and engineering practice, rapidly changing to 
accommodate the imperatives of phenomena such as global sourcing and a services economy. Interdisciplinary 
project-based learning is a viable solution that addresses this still present problem. 
This approach fits well the state of affairs at the Faculty of Engineering in Foreign Languages (FILS) from the 
University POLITEHNICA of Bucharest. The subjects are given here in English, French or German and there are 
small formations (groups) that are focused on fields like Information Engineering, Applied Electronics, Mechanics, 
Chemistry and Materials Science. This compact groups, ready to be specialized in various engineering fields, can 
work together to fulfill interdisciplinary project-based laboratory works. This vision is already happening – the 
teams from the faculty robotics club RobotiqueFF, comprising a mix of students that study in different languages 
computer science, electronics, mechanics or even chemistry and material science, obtain constantly good results at 
various national and international competitions. 
The paper presents some projects that can be used for this type of training. Mechatronics and robotics designs are 
the simplest solutions. They are inherently interdisciplinary studies and offer to the students the opportunities to 
work with colleagues who are able to offer and support complementary learning experiences and opportunities. We 
intend to introduce this kind of studies to the students in the final years of studies from FILS. They will help the 
graduates to understand the interdisciplinary fundamentals of mechanical engineering, electrical engineering, control 
systems, and their integration and will grant them strong team skills to solve complex problems that cross 
disciplinary boundaries (Allen, 2006).  
This model focuses on cooperation to elaborate projects in an interdisciplinary environment (Irwin, Wanless, 
Sanders & Wagner, 2012) and on what the students are expected to be able to do at the end of the activities. This 
approach is commonly referred to as an outcome-based approach. Statements called learning outcomes are used to 
express what it is expected that students should be able to do at the end of the learning period. Learning outcomes 
are clear statements of what the student is expected to achieve and how the student is expected to demonstrate this 
achievement as a result of engaging in the learning process.  
The solution requires the presence of a rather complex laboratory, not dedicated to a single academic discipline 
or to a group of related subjects, but to a set of projects. It requires rather complex equipment, but a robotics 
laboratory fits in pretty well. The place can be used to develop diploma projects, most of them started as 
enhancements for the laboratory works run there.  
3. Robotic Arm Project 
In the following, we will describe some subjects that can be studied around a robotic arm project. We will use the  
L6AC-KT Lynx 6 Robotic Arm Combo Kit for PC (serial port) from Lynxmotion. It is composed of a rotational 
base, a shoulder, a motional elbow, a wrist (with rotation) and a functional gripper. All the needed parts are included 
in the kit, as can be seen in Fig. 2. The assembled robotic arm is shown in Fig. 3. 
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Fig. 2. Lynx 6 robotic arm combo kit for PC 
The motion is driven by five Hitec HS-422 servo motors - one for the base, two for the shoulder, one for the 
elbow and one for the wrist. An HS-81 servomotor is included for the gripper. These servos deliver accurate and 
repeatable 5 DOF movements. The motors are driven by a SSC-32 servo controller. It can be controlled by a PC 
based software RIOS (Robotic arm Interactive Operating System), allowing the command of the robotic arm from a 
PC using a serial cable. If stand alone operation is desired, the BASIC code can be used in RIOS/SSC-32 to control 
the arm from the Linxmotion Bot Board having one of the Basic Atom or Basic Stamp 2 microcontroller modules.  
The BASIC Stamp is a microcontroller with a small, specialized BASIC interpreter (PBASIC) built into ROM. It 
is made by Parallax, Inc. and has been popular with electronics hobbyists since the early 1990s because of its low 
threshold of learning and ease of use due to its simple to understand BASIC language and excellent documentation. 
 
Fig. 3. Lynx 6 robotic arm. 
3.1. Mechanics 
There are several topics where students in mechanics have more expertise and where they should take the lead. 
These include: 
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x Mechanic construction. The robotic arm is presented as a kit and the students should assemble de device. 
x Calibration. The servo-motors should be adjusted to start positions corresponding to the start configuration. This 
will be the configuration set when the system is reset. Measure the maximum allowable displacements and define 
limits (mechanical, electrical or software) that will forbid the arm to force these limits. 
x Through the calibration of the robotic arm the joint angle limits are measured, the link length are precisely 
measured, the reachable workspace of the end-effector is worked out, and so on. One of the most important 
aspects of the calibration is to determine what command is required to take each servo to a desired angle. To 
achieve this, three sample angles for each joint servo are recorded along with their corresponding servo 
commands that will take the joints to those angles. These data are then used in the formation of a formula through 
interpolation that will map any angles within the working range of a servo to their corresponding servo 
commands 
x Stability and equilibrium. Check the stability and equilibrium of the arm in the potential positions. Consider the 
case of the maximum allowable load. 
x Create other robotic arms in computer aided design programs, print them 3D and create new devices. 
3.2. Electronics 
After the assembly of the kit, it comes a part where the main role belongs to the students in electronics. Their 
contribution includes: 
x Verifying the servos. 
x Connecting the wires. 
x Check the servo controller board. 
x Connect the arm to a control board with Basic Atom or Basic Stamp 2. 
x Control the arm using a RC  
x Use other servos and 3D printed parts to create new devices. 
x Use different microcontroller boards for control (Arduino or Raspberry Pi) 
x Use other servos and the 3D printed parts to create new similar devices. 
3.3. Computer science 
The students in computer science major will  
x Write control software in BASIC for the Basic Atom or Basic Stamp 2 
x Write software for the different microcontroller boards used for control (Arduino or Raspberry Pi) 
x Write control software on PC to control the arm over the serial port. 
x Write code for advanced closed loop feedback control. 
x Write complex control software on PC using advanced human-computer interfaces: control the robotic arm over 
the Internet, use voice commands, make the robotic arm to repeat the user hand gestures using a Kinect interface 
or just a web camera, etc… 
4. Conclusions 
Most real-world engineering is interdisciplinary, so preparing across technology and engineering fields is a 
natural choice. The best period to organize such training is in the senior year, where students will expand their 
knowledge working with fellows from other majors in a dedicated laboratory and will acquire expertise in doing 
complex projects, showing to the potential employers that they can work in an interdisciplinary environment. In 
such a laboratory, the classical cookbook or laboratory platforms will be replaced by discovery mechanisms that will 
train the students to solve increasingly challenging projects with confidence and autonomy. 
The paper presents some projects that can be used for this type of training. Mechatronics and robotics designs are 
the simplest solutions. Most of the current mechanical products contain electronics for monitoring or control. The 
electronics includes usually embedded programmable circuits like microprocessors or microcontrollers that have to 
be programmed in order to work correctly. The integration of all this knowledge makes it possible to design reliable, 
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versatile intelligent systems such as industrial robots, medical devices, automated assembly lines and autonomous 
vehicles. A robot arm project is used to illustrate this concept. It is the robotic arm combo kit produced by 
Lynxmotion. The assignment includes laboratory works in mechanics (building the arm from the kit components, 
gears and other machine parts study, kinematics analysis), electronics (wires and connections, power, servos, SSC-
32 servo controller) and computer science (windows programming, control, etc…).  
These laboratory works will provide a strapping combination of subjects that blend knowledge in electronics, 
mechanics and computer programming in order to provide the skills needed to design, build and optimize complex 
engineering systems. We have started the experiments with a laboratory where mixed groups of students can 
perform interdisciplinary project works. It is not dedicated to a single academic discipline or to a group of related 
subjects, but to a set of carefully chosen projects. The place can be used to carry out diploma projects, most of them 
started as spin offs for the laboratory works that run here. 
There are many interdisciplinary project-based laboratory works that have to be tried. They include autonomous 
robots in terrestrial, flying or hovercraft form, different types of mini-vehicles, solar-houses, security systems and 
entrepreneurial projects of various types.  
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